This study is the first to comprehensively investigate the photochemical fate of pentoxifylline in natural water systems. Among all attenuation processes, indirect sunlight photolysis is very likely the primary process for pentoxifylline degradation. The combination of dissolved organic matter (represented by fulvic acid), NO 
INTRODUCTION
Pentoxifylline, which belongs to a group of vasodilators called methylxanthines, is used for the treatment of peripheral arterial disease and helps with blood circulation in human bodies. Pentoxifylline increases the blood flow by decreasing the viscosity of blood and decreases the potential for platelet aggregation and thrombus formation.
According to National Health Insurance medicine usage data from 2015 in Taiwan, the usage of pentoxifylline was 21.5 tons. Due to its wide usage, pentoxifylline residues have been detected in various water matrices of different countries.
For example, in Taiwan, pentoxifylline has been observed in drug production facilities and hospitals, with maximum concentrations of 1,370 and 302 ng/L, respectively (Lin et al. ) . It has also been detected in the influents , as well as their competing effects, were studied. Phototransformation byproducts and pathways during the solar photodegradation of pentoxifylline were also investigated. To the best of our knowledge, this is the first investigation of the sunlight photolysis of pentoxifylline in surface waters.
MATERIALS AND METHODS

Chemicals
Pentoxifylline (99%), formic acid, ammonium acetate, sodium nitrate (NaNO 3 ) and sodium bicarbonate (NaHCO 3 ) were purchased from Sigma-Aldrich (St Louis, MO, USA). Table S1 (available with the online version of this paper).
Surface water sampling
Grab samples (2 L) were collected in amber glass bottles from the Jingmei River, which is located in southern 
Photolysis experiment setup
Photochemical experiments were conducted in a sunlight simulator (Suntest CPS; Atlas, Chicago, IL, USA) equipped with a 1.5-kW xenon arc lamp; detailed operating conditions have been previously reported (Lin et al. a, b) . A Suprax filter was fitted to allow a total passing wavelength range of 290 À 800 nm, and the irradiation intensity and 3 ) were spiked into Milli-Q water in the reactor to achieve the desired concentrations.
Individual standards of pentoxifylline in Milli-Q water (20 μg/L) were placed in capped quartz glass reaction tubes (1.6-cm i.d. × 13.5-cm depth, volume of 27 mL) and exposed to radiation from a sunlight simulator maintained at 20 ± 1 W C with a thermostat. Dark control experiments of the same concentrations were scrupulously maintained in darkness. The solution pH was adjusted to 7.0 (using 1.0 N sulfuric acid and 1.0 N sodium hydroxide) for all synthetic waters and was maintained at 7.0 throughout the reaction, except for those meant to simulate the Jingmei River waters (which were adjusted to a pH of 7.7 to match). The synthetic waters were prepared with the Suwannee River FA standard, NaNO 3 and NaHCO 3 . The overall experimental framework of this study is provided in Figure S1 (available with the online version of this paper).
Incubation test
An incubation test was conducted in the dark at 20 W C for pentoxifylline (20 μg/L) in the Jingmei River water (unfiltered) for 46 h.
Analysis methods
The chromatographic separation of pentoxifylline and byproducts was performed using an Agilent 1200 module (Agilent, 
RESULTS AND DISCUSSION
Direct photolysis
The UV-vis spectrum of pentoxifylline was measured at pH of 7.0. According to the absorption spectrum (Figure 1(a) . Figure 2 shows that pentoxifylline can be photodegraded in the Jingmei River (t 1/2 ¼ 34.7 ± 2.2 h). We also conducted a photolysis experiment in synthetic water containing the same NO This result is in accordance with our previous studies, which investigated the sunlight photolysis of cephalosporin antibiotics and also found that these three water parameters were the strongest determinants (Wang & Lin ) . A dark Table S2 , available with the online version of this paper). For example, in the NO À 3 system (1 mg/L) alone, the half-life of pentoxifylline was 73.7 ± 16.7 h; however, in the presence of HCO À 3 (2 mM), the half-life was altered to 47.8 ± 6.3 h. HCO 
Compared to ·OH, ·CO 3 À is a highly selective oxidant and is less scavenged by DOM, which leads to a higher steady- Photolysis byproducts (NO 3 À system versus
To further understand the photolytic mechanism of pentoxifylline in the NO In the photolysis of NO À 3 , ·OH was generated. Because pentoxifylline is unable to undergo direct photolysis (Figure 1(b) ), byproducts P1-P3 were produced through a ·OH attack on pentoxifylline. In addition, in the presence of both NO 
CONCLUSIONS
This study provides the first comprehensive investigation of the photochemical fate of pentoxifylline in surface waters.
The results indicated that pentoxifylline is fairly persistent in the aquatic environment once it is released to the environment, and sunlight photolysis is very likely the predominant attenuation process. In waters such as the Jingmei river (t 1/2 ¼ 34.7 ± 2.2 h), it would take approximately 5-7 days for the concentration of pentoxifylline to decrease by half (assuming 5-7 h of bright sunlight a day). However, the presence of DOM, NO system.).
